Abstract. In Cooperative Information Systems, service level agreements (SLA) can be used to describe the rights and obligations of parties involved in the transactions (typically the service consumer and the service provider); amongst other information, SLA could define guarantees associated with the idea of service level objectives (SLOs) that normally represent key performance indicators of either the consumer or the provider. In case the guarantee is under-fulfilled or over-fulfilled SLAs could also define some compensations (i.e. penalties or rewards). In such a context, during the last years there have been important steps towards the automation of the management of SLAs, however the formalization of compensations in SLAs still remains as an important challenge.
Introduction
The shift from product to services in the industry is a major trend for developed countries. In such a context this evolution implies the creation of a network of dependable organizations that exchange services and create cooperative information systems (CIS) to gain business value. For instance, in a cloud scenario a Software as a Service (SaaS) provider may use several Infrastructure as a Service (IaaS) providers such as Amazon Elastic cloud (EC2) 1 and the Google Cloud
This work was partially supported by the European Commission (FEDER), the Spanish and the Andalusian R&D&I programmes (grants P12-TIC-1867, TIN2012-32273, TIC-5906 and IPT-2013-0890-3) 1 Available at http://aws.amazon.com/ec2/ Storage service 2 , to offer a service combination of a virtual machine with support for data persistence.
In this cooperative environment there is a craving for guarantees that support a reliable service consumption and cooperation, and service level agreements (SLAs) represent a first-class citizen to describe the parties rights and obligations. Specifically, SLAs are composed by different terms that typically define guarantees associated with a certain service level objective (SLOs) and they should be enforced by one party (the guarantor) to another party (the beneficiary); in most cases the former correspond to the service provider, and the latter to the service consumer. Additionally, real world SLAs usually include a set of compensations that represent the consequences of underfulfilling (penalties) or overfulfilling (rewards) the SLOs. We coin the concept of Compensable SLAs referring to such SLAs that include at least a compensation action, either a penalty or a reward. An example of the importance of this kind of SLAs is the cost of cloud service unavailability amounting to more than 70 million USDs based on hourly costs, by providers such as Amazon and Microsoft from 2007 to 2012 [8] .
In this scenario it is important to note that in spite intraorganization modeling has been extensively studied with concepts of KPI [9] or PPI[5], there is a lack of a formal model to specify SLAs with compensation mechanisms. In fact, there is a strong relationship between the KPI of an organization and its commitments in terms of SLOs identified within an SLA.
Specifically, this work is focused on the modeling of SLAs with compensations with two main research goals: (i) a formal definition of different kinds of compensations, either penalties or rewards, and (ii) the checking of some desirable properties to automate the analysis of compensations. This analysis would represent important benefits for both consumers and providers in CIS: On the one hand, service providers could automate the optimization of the provision of services based on the compensations involved; on the other hand, service consumer could automate the analysis of guarantees in the SLA to understand its risk.
Our approach is grounded on the novel definition of Compensation Function (CF) that is inspired in the concept of penalty function introduced by Leitner et al. [11] and it has been extended to include the notion of rewards and to be aligned with the current most prominent SLA specification (WS- Agreement [1] ). In addition, we also extend the notion of consistence and validity proposed in [14] in order to include compensations by means of a formal definition of properties that could be automatically checked. Our proposal has been successfully applied to model three real world SLAs that define different types of compensations and to detect some potential inconsistences. This paper is structured as follows: Section 2 introduces the motivating scenarios of three real world SLAs; in Section 3 we present the conceptualization of the Compensation Function. In Section 4 we present the relationships between the SLO and Compensation Function to formalize the concept of Compensable Guarantees and model the different examples presented in the motivating scenarios.
